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LIQUID CRYSTAL PANEL AND 
METHOD OF MANUFACTURING THE SAME 



BACKGROUND OF THE INVENTION 
5 (1) Field of 'the Invention 

This invention relates to a liquid crystal panel and 
a method of manufacturing the same, and more particularly 
to a liquid crystal panel having a structure in which 
recesses formed at respective locations of contact holes 
10 each for making contact between a pixel electrode on a TFT 
(Thin Film Transistor) substrate and a TFT are filled with 
a resin or the like, and a method of manufacturing the 
same . 

(2) Description of the Related Art 

15 A liquid crystal panel mounted in a liquid crystal 

display device has a structure in which a liquid cirystal 
layer is sandwiched between a TFT sxibstrate mainly formed 
with pixel electrodes, TFTs for driving pixel electrodes, 
and bus lines, and a counter substrate, such as a CF 

20 substrate, mainly formed with pixel electrodes and color 
filters (CFs) , with polarizing plates bonded to the 
substrates. Recently, a liquid czrystal panel of this kind 
is produced by forming a flatting layer of a resin having 
a thickness of approximately 4 )im to shield the influence 

25 of a lateral electric field due to bus lines, thereby 
realizing a high aperture ratio of the panel. 
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The flatting layer is formed with deep contact holes 
each for making contact between a pixel electrode and a 
TFT. After the TFTs and the flatting layer are formed in 
the mentioned order, the contact holes reaching the TFTs 
are formed. Then, a transparent conductive film layer, 
forming a pixel electrode, is formed on a surface of the 
flatting layer, a wall surface of each contact hole, and a 
drain electrode of the associated TFT, whereby the pixel 
electrode and the TFT are caused to make contact with each 
other. This makes the depth of the contact holes equal to 
the thickness of the flatting layer, and after formation 
of the pixel electrodes, relatively deep recesses remain 
as formed in the TFT substrate at the locations of the 
contact holes. It is preferable that the recesses are 
formed to have a minimized diameter so as to prevent the 
aperture ratio of the liquid crystal panel from being 
lowered. Normally, the contact holes are formed to have a 
diameter of approximately 5 (im. 

As described above, the small and deep contact holes 
having a diameter of 5 |im and a depth of 4 fim are formed 
in the TFT substrate, and after the pixel electrodes are 
formed in the contact holes, the recesses are formed at 
the respective locations of the contact holes . It is 
difficult for the liquid crystal filled between the recess 
and the CF substrate to enter the recesses . As a 
consequence, some of these recesses are left behind as 
vacuum areas , or gasses in the recesses are moved to the 



liquid crystal layer to thereby cause faulty display of 
the liquid crystal panel. Further, when strong pressure is 
partially applied to the liquid crystal panel from 
outside, the cell gap of a liquid crystal cell is changed 
5 to temporarily generate vacuum areas and air bubbles, but 
these vacuiim areas and air bubbles are normally 
extinguished as soon as the application of the pressure 
stops. However, if small and deep contact holes as 
described above exist, the air bubbles can remain in the 

10 recesses, whereby faulty display of the liquid crystal 
panel can be caused. 

To cope with the above problems, there have been 
conventionally proposed various methods, including a 
method of filling recesses remaining at respective 

15 locations of contact holes after formation of pixel 
electrodes, with an insulating film, a method of forming 
columnar spacers in the recesses so as to maintain the 
cell gap (see e.g. Japanese Unexamined Patent Publication 
(Kokai) No. H09-304793 and No. 2002-169166). 

20 However, to fill recesses remaining at the locations 

of contact holes after formation of pixel electrodes in 
the contact holes, with an insulating film, it is 
necessary to provide a photolithography step of forming 
the insulating film, and further a flatting step of 

25 flatting the formed insulating film, which causes 
increases in the number of steps and costs . 

Further, if columnar spacers for maintaining the 
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cell gap are formed In recesses ex±st:lng In all t:he pxxel 
areas, 1:he degree of freedom of the positional 
relationship between the TFT substrate and the CF 
substrate is lost to lose flexibility to an impact, 
5 whereby the liquid crystal panel is made trouble-prone. 
Further, since the degree of freedom of the positional 
relationship between the TFT substrate and the CF 
substrate is lost, vacutim areas and air bubbles tend to 
occur in the liquid crystal panel by a volume change of 

10 liquid crystal caused by a change in environmental 
temperature conditions, whereby faulty display of the 
liquid crystal panel is made liable to occur . To overcome 
this problem, the columnar spacers are arranged at 
predetermined space intervals such that optimum density of 

15 coliomnar layers is attained in the liquid crystal panel. 
In this case, however, bubbles can still occur in recesses 
having no columnar spacers formed therein . 

Further, if the step of filling recesses and the 
step of fosrming columnar spacers are carried out as 

20 separate steps, the number of steps required for 
manufacturing the liquid crystal panel is increased, 
whereby productivity thereof is largely reduced. 

SUMMARY OF THE INVENTION 

25 The present invention has been made in view of the 

above described points, and an object thereof is to 

provide a liquid crystal panel capable of effectively 
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maintaining a cell gap between a TFT substrate and a 
counter stibstrate and at the same time preventing air 
bubbles or the like £rom remaining In recesses of the TFT 
soibstrate, and a method of manufacturing the liquid 
5 crystal panel . 

To attain the above object. In a first aspect of the 
Invention, there Is provided a liquid crystal panel 
Including a thin film transistor substrate formed with 
thin film transistors for driving pixel electrodes, a 

10 counter sxibstrate provided In a manner opposed to the thin 
film transistor substrate, and a liquid crystal layer 
sandwiched between the thin film transistor substrate and 
the counter substrate. This liquid crystal panel Is 
characterized by comprising hole-filling columnar layer 

15 portions for filling recesses produced by forming the 
pixel electrodes In contact holes each formed for 
connecting each of the thin fl3jn transistors and an 
associated one of the pixel electrodes to each other, and 
cell gap-malntalning columnar layer portions for 

20 maintaining a cell gap between the thin film transistor 
substrate and the counter substrate. 

To attain the above object. In a second aspect of 
the Invention, there Is provided a method of manufacturing 
a liquid crystal panel Including a thin film transistor 

25 substrate formed with thin film transistors for driving 
pixel electrodes, a counter sxibstrate provided In a manner 
opposed to the thin film transistor substrate, and a 



5 



liquid cryst;al layer sandwiched be 'tween t:he thin £i3^ 
transistor substrate and the counter substrate. This 
method of manufacturing a liquid crystal panel is 
characterized by comprising the step of simultaneously 
5 forming hole-filling columnar layer portions for filling 
recesses produced by forming the pixel electrodes in 
contact holes each formed for connecting each of the thin 
film transistors and an associated one of the pixel 
electrodes to each other, and cell gap-maintaining 
10 columnar layer portions for maintaining a cell gap between 
the thin film transistor substrate and the counter 
substrate . 

The above and other objects, features and advantages 
of the present invention will become apparent from the 
15 following description when taken in conjunction with the 
accompanying drawings which illustrate preferred 
embodiments of the present invention by way of excoaple . 



BRIEF DESCRIPTION OF THE DRAWINGS 
20 FIG. 1 is a cross-sectional view of essential 

elements of a liquid crystal panel according to a first 
embodiment of the present invention. 

FIG. 2 is a cross-sectional view of essential 
elements of the liquid crystal panel according to the 
25 first emboddLment, which is useful in explaining a resin- 
coating step. 

FIG. 3 is a cross-sectional view of essential 
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elements of the liquid crystal panel according to the 
first embodiment, which is useful in explaining an 
exposing step. 

FIG. 4 is a cross-sectional view of essential 
5 elements of the liq[uid crystal panel according to the 
first embodiment, which is useful in explaining a 
developing step . 

FIG. 5 is a cross-sectional view of essential 
elements of a liquid crystal panel according to a second 
10 embodiment of the present invention. 

FIG. 6 is a cross-sectional view of essential 
elements of a liquid crystal panel according to a third 
embodiment of the present invention. 

FIG. 7 is a cross-sectional view taken on line A-A 
15 of FIG. 6. 

FIG. 8 is a cross-sectional view of essential 
elements of a liquid crystal panel , according to a fourth 
embodiment of the present invention. 

FIG. 9 is a cross-sectional view taken on line B-B 
20 of FIG. 8. 

FIG. 10 is a cross-sectional view of essential 
elements of a liquid crystal panel according to a fifth 
embodiment of the present invention. 

FIG. 11 is a cross-sectional view of essential 
25 elements of a liquid crystal panel according to a sixth 
embodiment of the present invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present invention will now be described in 

detail with reference to the accompanying drawings showing. 

preferred eznbodiments thereof. 

First, a description will be given of a first 

embodiment . 

FIG. 1 is a cross-sectional view of essential 
elements of a liquid crystal panel according to the first 
embodiment. It should be noted that FIG. 1 shows only part 
of the liquid crystal panel , corresponding to one pixel . 

The li<^id crystal panel 10 according to the first 
embodiment includes a CF (Color Filter) substrate 20 and a 
TFT (Thin Film Transistor) substrate 30 disposed in a 
manner opposed to each other . Sandwiched between the 
substrates 20 and 30 is a licpiid crystal layer 10a. 
Further, polarizing plates, not shown, are bonded to 
respective ou^er surfaces of the CF substrate 20 and the 
TFT substrate 30. Thus, the liquid czrystal panel 10 is 
cons true ted . 

The CF substrate 20 includes a glass substrate 21 
made e.g. of no-alkali glass, and a CF layer 22a made of a 
resin (red resin) having a red color, a resin (green 
resin) having a green color, or a resin (blue resin) 
having a blue color, which is formed on a surface of the 
glass substrate 21 opposed to the TFT svibstrate 30. 
Further, on the CF layer 22a are partially provided CF 
layers 22b and 22c formed one upon the other, whereby a 
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color-superimposed layer 22 Is formed. As described 
hereinafter, on the color- super imposed layer 22 are 
laminated color filters having different colors from each 
other when the CF substrate 20 is produced. For example, 
5 when the CF layer 22a is formed of a red resin, the CF 
layers 22b and 22c are formed of a green resin and a blue 
resin, respectively. Further, a common electrode, not 
shown, made of a transparent conductive film of ITO 
(Indium Tin Oxide) or the like is formed on the surface of 

10 the CF substrate 20 opposed to the TFT substrate 30. 
Furthermore, an alignment film, not shown, of a polymer 
film e.g. of polyimide, is formed on the CF substrate 20 
when the CF substrate 20 and the TFT stabs tr ate 30 are 
bonded to each other. 

15 The TFT substrate 30 includes a glass substrate 31, 

and a gate metal layer 32 of Al-Nd/MoN/Mo, formed on the 
glass substrate 31 . On the gate metal layer 32 is formed a 
gate insulating film 33 made of SiN. Further, on a portion 
of the ga.te insulating film 33 as part of a TFT portion of 

2 0 the TFT stibstrate 30, is formed an amorphous silicon, (a- 
Si): layer 34 as an operating layer, and on the a- Si layer 
34 is formed a channel -protecting film layer 35' of SiN for 
protecting a channel region of the a- Si layer 34. On the 
layers 32 to 35 constructed as above, except for part of 

25 the channel -pro tec ting film layer 35, there is formed a 
drain metal layer 37 made of Ti/Al/MoN/Mo via an n'*"a-Si 
layer 36 for ohmic connection. Thus, reversely-staggered 



TFTs are cons -true t:ed on the TFT sxibstrate 30. 

Further, on the structure constructed as above, 
there is formed a flattening. layer 38 made of a resin 
material, such as an acrylic resin, and having a thickness 
5 of approximately 4 |jun. The flattening layer 38 is formed 
with contact holes 39 having a diameter of approximately 5 
[im and extending to the associated portion of the* drain 
metal layer 37. Hereinafter, out of portions of a layer 
formed at respective locations on either substrate, one 

10 corresponding to one pixel will be simply referred to by 
the name of the layer, unless otherwise required. Although 
in the present embodiment, the flattening layer 38 has a 
thickness of approximately 4 |im, the thickness can be 
changed within a range of approximately 1 \jaa to 

15 approximately 4 \m. Further, it is preferable that the 
diameter of the contact holes 39 is minimized so as to 
prevent the aperture ratio of the liquid crystal panel 10 
from' being lowered. 

On the flattening layer 38, there are formed pixel 

20 electrodes 40 of a transparent conductive film of ITO or 
the like. Each of the pixel electrodes 40 is formed on a 
surface of the flattening layer 38, a wall surface of the 
associated contact hole 39 and the drain metal layer 37, 
on a pixel area-by-pixel area basis. This causes the pixel 

25 electrode 4.0 and the drain metal layer 37 of the TFT to 
make contact with each other, in each pixel area, and upon 
formation of the pixel electrode 40 in the contact hole 
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39, 1:lie pixel elect:rode 40 has a recess formed at: a 
loca-txon of t:he coxi'kac't hole 39. On -the pixel electrode- 

40, columnar layers 41a and 41b made of a resin mat:erial, 
such as an acrylic resin, are formed in -the recess formed 

5 at: 'the locat:ion of t:he contact hole 39, and an area 
opposed to the color-superimposed layer 22 of the CF 
substrate 20, respectively. When the CF substrate 20 and 
the TFT substrate 30 are bonded to each other, alignment 
films, not shown, are formed on such array si^strates 

10 constructed as above. 

The liqpxid crystal panel 10 is constructed by 
bonding the CF substrate 20 and the TFT substrate 30 to 
each other, and filling lic[uid crystal between the 
substrates 20 and 30 . In the liquid crystal panel 10 thus 

15 constructed, the columnar layer 4.1a is> formed in ther 
recess at the location of the contact hole 39 in each 
pixel area on the TFT substrate 30 . Further , in the liquid- 
crystal panel 10, the cell gap between t:he substrates 20 
and 30' is maintained by the laminated structures^ each 

20 composed of the color- superimposed layer 22 formed by CF* 
layer St 22 a, 22b, and 22:c, and the columnar layers 4'lb 
opposed to the color-superimposed layer 22. By forming the 
color- superimposed layer 22 described above, even if ther 
columnar layers 41a and 4Ib are formed to have the same 

25 height, the columnar layer 41a partially formed^ in the* 
recess formed at the location of t:he contact hole 39 is 
prevented from being brought into contact with the CF 
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substrate 20 in a state where the liquid crystal panel 10 
is not pressurized. 

As described heretofore, in the liquid crystal panel 
10 accordinq to the first einbodixnent , the pixel electrodie^ 
40 is formed in the contact hole 39 in each pixel area, 
and the recess formed at the location of the contact hole- 
39 is filled with the columnar layer 41a. Further, the- 
columnar layers: 41a for filling, the contact hole 3'9- are- 
not used for maintaininq the cell gap, but the cell gap is- 
maintained by the columnar layers 41b formed at different 
locations from the locations of the hole-fillinq colxsmnar 
layers 41a. The columnar layers 41b are formed such that 
the density of all the columnar layers 41b becomes optimiom 
in the entire liquid cirystal panel 10, without the- 
respective locations tiiereof being limited to the* 
locations; of the recesses at the locations of the contact 
holes; 3i9',. respectively. Therefore, there are no. air 
bubbles remaining, after injection of liquid crystal or no 
foams remaining after formation thereof due to partial 
pressurization, whereby it is possible to realize; a 
reliable liquid crystal panel 10 capable of effectively 
maintaining the cell gap. 

Next, a description will be given of a method of 
manufacturing, the liquid crystal panel 10 described above. 

First, a method of manufacturing the CF sTibstrate 20 
will be described. The CF substrate 20 as a component of 
the liqniid crystal panel 10 is prepared by forming a red 
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resin, a green resin, and a blue resin In the form of 
stirlpes on tihe glass subst:rat:e 21 by "bhe conven-tlonally 
known met:hod. In doing -this, In areas to be opposed to the 
cell gap-malntalnlng columnar layers 41b formed on the TFT 
5 substrate 30, there are formed resins having different 
colors from the color of a resin of the first layer formed 
on the glass substrate 21, In a sequentially superimposed 
manner. For example, let It be assumed that a first row Is 
formed by a red resin. In this case, when a row adjacent 

10 to the first row Is formed by a green resin, the green 
resin Is also formed In areas of the first row of the red 
resin, at locations to be opposed to the cell gap- 
main talnlng columnar layers 41b, and further when a row of 
a blue resin Is formed, the blue resin Is also formed on 

15 the green resin formed on the red resin. As a result, the 
color- superimposed layers 22 are formed In the areas to be 
opposed to the areas of the cell gap-malntalning columnar 
layers 41b. On the color- superimposed layer 22, a coxmaon 
electrode Is formed e.g. by ITO to thereby construct the 

20 basic structure of the CF substrate 20. 

Next, a method of manufacturing the TFT. substrate 30 
will be described. The TFT substrate 30 Is prepared by the 
conventionally known method as for the respective steps of 
forming TFTs on the glass substrate 31, forming the 

25 flattening layer 38, forming contact holes 39 therein, and 
then forming pixel electrodes 40. Here, the step of 
forming colvimnar layers 41a and 41b, which Is carried out 
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af^ter the above-men-tioned steps, will be described with 
reference to FIG. 2 to FIG. 4. 

FIG. 2 ±s a cross-sectional view of essential 
elements of the liquid crystal panel according to the 
present embodiment, which is useful in explaining a resin- 
coating step. FIG. 3 is a cross-sectional view of the 
same, which is useful in explaining an exposing step. FIG. 
4 is a cross-sectional view of the same, which is useful 
in explaining a developing step. 

To form the columnar layers 41a and 41b of the TFT 
substrate 30, as shown in FIG. 2, a negative 
photosensitive acrylic resin 42 is applied over the entire 
surface of the array substrate for which formation of the 
pixel electrodes 40 has been completed, such that the 
resin 42 has a thickness of approximately 4 |im. The 
negative photosensitive acrylic resin 42 can be applied 
e.g. by the spin coating method conventionally generally 
employed . 

Subsequently, as shown in FIG. 3, an area having a 
diameter of 5 |ua with the contact hole 39 formed therein, 
and an area having a diameter of. 20 |jun in which the cell 
gap-maintaining columnar layer 41b is to be formed are 
exposed to light using a light- shielding mask 43 formed 
with openings corresponding to the above respective areas, 
whereby portions of the negative photosensitive acrylic 
resin 42, where the columnar layers 41a and 41b are to be 
formed, are caused to react with the light. 



Af^ter termina-tlon of the exposure, the negative 
photosensitive acrylic resin 42 is developed for post 
curing, whereby as shown in FIG. 4, there are 
simultaneously formed the resin columnar layers 41a for 
5 filling the recess formed at the location of the contact 
hole 39 after formation of the pixel electrode 40 therein, 
and the resin columnar layer 41b for maintaining the cell 
gap As a result, the basic structure of the TFT substrate 
30 is constxructed. 

10 After that, similarly to the method conventionally 

generally employed, the TFT substrate 30 and the CF 
STibstrate 20 each coated with an alignment film, are 
bonded to each other, liquid crystal is filled between the 
substrates 30 and 20, and finally polarizing plates are 

15 bonded to respective outer surfaces of the s\ibstrates 30 
and 20, whereby the liquid crystal panel 10 is completed. 
Of course, it is possible to bond the CF substrate 20 and 
the TFT substrate 30 to each other after liquid crystal is 
dropped onto the substrate 20 or 30. 

20 Although in forming the columnar layers 41a of the 

TFT substrate 30, the photosensitive area of the negative 
photosensitive acrylic resin 42 is configured to have the 
same size as the diameter of the contact hole 39 (i.e. the 
diameter of a portion of the contact hole 39, having a 

25 maximum cross-sectional area) , this is not limitative, but 
in view of possibility of occurrence of displacement 
between the photosensitive area and an actual location of 

15 



the contact hole 39 during exposure, the photosensitive 
area may be configured to have a diameter approximately 3 
\m larger than the diameter of the contact hole 39. 
However, if a columnar layer 41a having a larger diameter 
5 than that of the contact hole 39 as described above, a 
portion of the columnar layer 41a extending beyond the 
recess at the location of the contact hole 39 over the 
pixel electrode 40 can have the same height as that of the 
cell gap-maintaining columnar layer 41b. When the columnar 

10 layer 41a formed in the recess is not used for maintaining 
the cell gap, as described hereinabove, the color- 
superimposed layer 22 is formed in advance on the CF 
substrate 20, whereby a gap is secured between the 
columnar layer 41a and the CF substrate 20. Although the 

15 color- superimposed layer 22 is not necessarily required 
depending on the case, it is preferable to form the color- 
superimposed layers 22 in advance, so as to impart a 
certain degree of freedom of deformation to the liquid 
crystal panel 10 to thereby effectively maintain the cell 

20 gap. 

Further, although in the present embodiment, the 
columnar layers 41a and 41b are formed by using the 
negative photosensitive acrylic resin 42, of course, it is 
also possible to form them using a positive photosensitive 
25 acrylic resin. Further, the columnar layers 41a and 41b 
can be formed using not only the photosensitive acrylic 
resins but also any of other suitable photosensitive resin 
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materials . 

As described hereinbefore, according "to "the met:hod 
of manufacturing t:he liquid crystal panel 10, the coliimnar 
layers 41a for filling the recesses formed at the 
5 locations of the contact holes 39 and the cell gap- 
maintaining columnar layers 41b can be simultaneously 
formed. Therefore, it is possible to manufacture the 
liquid crystal panel 10 which does not suffer from 
occurrence of air bubbles remaining after injection of 
10 liquid crystal and foams remaining after formation thereof 
due to partial pressurization, and further has the cell 
gap-maintaining columnar layers 41b arranged at an 
appropriate density thereof with high productivity- 

The formation of the hole-filling col\imnar layers 
15 41a and the cell gap-maintaining columnar layers 41b can 
be applied not only to the liquid crystal panel 10 
according to the first embodiment but also to various 
liquid crystal panels of other types . 

Next, a description will be given of a second 
20 embodiment of the present invention. 

F16. 5 is a cross-sectional view of essential 
elements of a liquid crystal panel according to the second 
embodiment. It should be noted that FIG. 5 shows only part 
of the liquid crystal panel, corresponding to one pixel, 
25 with component elements identical to those shown in FIG. 1 
being designated by identical reference numerals , and 
detailed description thereof is omitted. 
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The liquid crys^bal panel 50 according to the second 
embodiment is distinguished from the liquid crystal panel 
10 according to the first embodiment in that it has a 
structure in which a common electrode substrate 60 and a 
5 TFT substrate 70 are bonded to each other with a liquid 
crystal layer 50a sandwiched therebetween, and CF layers 
22a, 22b, and 22c are formed on the TFT substrate 70 side. 

The common electrode substrate 60 as a counter 
substrate opposed to the TFT substrate 70 has a basic 

10 structure in which a common electrode, not shown, is 
formed on a glass substrate 21. When the common electrode 
substrate 60 and the TFT substrate 70 are bonded to each 
other, alignment films, not shown, are formed. 

The TFT substrate 70 includes a glass substrate 31, 

15 and a gate metal layer 32, a gate insulating film 33, an 
a-Si layer 34, and a channel -protecting film layer 35, 
formed on the glass s\ibstrate 31, with a drain metal layer 
37 formed on the a-Si layer 34 via an n'^a-Si layer 36. On 
the structure constructed as above, there are formed a CF 

20 layer 22a, and CF layers 22b and 22c partially laminated 
on the CF layer 22a to form a color-superimposed layer 22, 
and further formed an overcoat (OC) layer 71 and pixel 
electrodes 40. After the CF layer 22a is formed, a contact 
hole 72 is formed in the CF layer 22a such that the 

25 contact hole 72 reaches the drain metal layer 37, and 
thereafter the OC layer 71 is formed. Further, a contact 
hole 39 reaching the drain metal layer 37 is formed in the 

18 



OC layer 71. The pixel electrode 40 is formed on a surface 
of the OC layer 71, a wall surface of the contact hole 39, 
and the drain metal layer 37 . This causes the pixel 
electrode 40 and the drain metal layer 37 to make contact 
5 with each other, and the pixel electrode 40 has a recess 
formed at a location corresponding to the contact hole 39. 
In the recess of the pixel electrode 40 and on an area of 
the same exactly above the color- superimposed layer 22, 
there are respectively formed columnar layers 41a and 41b 

10 made of a resin material, such as an acrylic resin. 

The columnar layers 41a and 4 lb can be formed in the 
same manner as described in the first embodiment. More 
specifically, it is only required to apply a negative or 
positive photosensitive resin over the entire surface of 

15 an array substrate for which formation of up to the pixel 
electrodes 40 is completed, and then expose the 
photosensitive resin to light in areas of the array 
substrate to be formed with the columnar layers 41a for 
filling, the recesses at the respective locations of the 

2 0 contact holes 39 and areas of the array substrate to be 
formed with the cell gap-maintaining columnar layers 41b 
to perform the development process . This enables the 
columnar layers 41a and 41b to be formed simultaneously. 

However, when the CF layer 22a is formed on the TFT 

25 substrate 70 side as described above, the diameter of the 
contact hole 72 formed in the CF layer 22a is increased to 
become approximately 10 |im, since the pattern-forming 
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accuracy of t:he CF layer is generally not: high. As a 
result:, t:he OC layer 71 comes t:o be formed with t:he 
contact: holes 39 having a diameter increased wit:h increase 
in the diameter of the contact holes 72. Therefore^, it is 
5 preferable that photosensitive areas of the photosensitive 
resin having approximately the same size as that of the 
contact holes 72 are formed in t:he CF layer 22a so as to 
cause the recesses formed at the locations of the contact 
hole 39 to be filled- Further, although the CF layers 22b 

10 and 22c formed in a manner superimposed on the CF layer 
22a are not necessarily required, it is preferable to form 
the CF layers 22b and 22c in advance so as to effectively 
maintain the cell gap between the substrates 60 and 70 . 

As described above, in the liquid crystal panel 50 

15 according to the second embodiment as well, similarly to 
the first embodiment, the pixel electrode 40 is formed in 
the contact hole 39 in each pixel area, and the recess 
formed at the location of the contact hole 39 is filled 
with the columnar layer 41a, so that there are no air 

20 bvibbles remaining after injection of liquid crystal or no 
foams remaining after formation thereof due to partial 
pressurization . Further, the cell gap between the common 
electrode substrate 60 and the TFT substrate 70 can be 
maintained by the coliomnar layers 41b. The colvimnar layers 

25 41b are formed such that the density of all the columnar 
layers 41b becomes optimum in the entire liquid crystal 
panel 50, without the respective locations thereof being 
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limited t,o the locations of the recesses at the locations 
of the contact holes 39, respectively. These columnar 
layers 41a and 41b can be simultaneously formed by the 
exposing and developing processes of the photosensitive 
5 resin, which makes it possible to effectively form the 
liquid crystal panel 50. 

Next, a description will be given of a third 
embodiment of the present invention. 

FIG. 6 is a cross-sectional view of essential 
10 elements of a liquid crystal panel according to the third 
embodiment. FIG. 7 is a cross-sectional view taken on line 
A-A of FIG. 6. It should be noted that FIG. 6 and FIG. 7 
show only part of the liquid crystal panel, corresponding 
to one pixel, with component elements identical to those 
15 shown in FIG. 5 being designated by identical reference 
numerals, and detailed description thereof is omitted. 

The liquid crystal panel 80 according to the third 
embodiment is distinguished from the liquid crystal panel 
50 according to the second embodiment in that it has a 
20 structure in which a common electrode siibstrate 60a and a 
TFT substrate 70a are bonded to each other, with a liquid 
crystal layer 80a sandwiched therebetween, protrusions 61 
of dielectric layers are formed on a common electrode 
formed on the common electrode substrate 60a, and two 
25 slits 73 are formed in a pixel electrode 40 fojnned on the 
TFT substrate 70a. The other components are similar to 
those of the liquid czrystal panel 50 according to the 
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second embodiment:. By forming the prot:rusions 61 and -the 
slits 73 as described above, it is possible, when a 
voltage is applied, to control the orientation o£ liquid 
crystal molecules in the liquid crystal panel 80 by the 
5 protrusions 61 and the slits 73 , whereby it becomes 
possible to realize a wide angle of visibility. 

In the liquid crystal panel 80, similarly to the 
second embodiment, columnar layers 41a and 41b can be 
formed simultaneously on the TFT substrate 70a by the 

10 processes of e^^osing and developing a photosensitive 
resin. The common electrode substrate 60a and the TFT 
stibstrate 70a, each coated with a vertical alignment film, 
are bonded to each other after a peripheral seal for the 
panel is formed, negative liquid crystal having negative 

15 dielectric anisotropy is injected between the substrates 
60a and 70a, and finally polarizing plates are bonded to 
respective outer surfaces of the substrates 60a and 70a, 
whereby the liquid crystal panel 80 is constructed. 

As described above, also in the liquid czrystal panel 

20 80 according to the third embodiment, the pixel electrode 
40 is formed in the contact hole 39 in each pixel area, 
and the recess formed at the location of the contact hole 
39 is filled with the coloimnar layer 41a, so that there 
are no air bubbles remaining after injection of liquid 

25 crystal or no foams remaining after formation thereof due 
to partial pressurization . Further, the cell gap between 
the common electrode substrate 60a and the TFT substrate 
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70a can be main-tained by t:he colximnar layers 41b. The 
columnar layers 41b are formed such -that: the density of 
all the colximnar layers 41b becomes optimum In the entire 
liquid crystal panel 80, without the respective locations 
5 thereof being limited to the locations of the recesses at 
the locations of the contact holes 39, respectively. These 
coliomnar layers 41a and- 41b can be simultaneously foznxied 
by the exposing and developing processes of the 
photosensitive resin, which makes it possible to 

10 effectively form the liquid crystal panel 80. 

Although the^ liquid crystal panel 80 according to 
the third embodiment is configured such that the 
protrusions 61 and the slits 73 are both formed, even when 
only one of them is formed, it is possible to control the 

15 orientai:ion of liquid crystal molecules. In this case as 
well, the method of forming, the columnar layers 41a and 
41b is not changed at all . 

Next, a description will be given of a fourth 
embodiment of the present embodiment. 

20 FIG. 8 is a cross-sectional view of essential 

elements of a liquid crystal panel according to the^ fourth 
embodiment. FIG. 9 is a cross-sectional view taken on line 
B-B of FIG. 8. It should be noted that FIG. 8 and FIG. 9 
show only part of the liquid crystal panel, corresponding 

25 to one pixel, with component elements identical to those 
shown in FIG. 5 being designated by identical reference 
numerals, and detailed description thereof is omitted. 
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The liquid crystal panel 90 according t:o -the fourtih 
embodiment: is distinguished from the liquid crystal panel 
50 according, to the second embodiment in that it has- a 
structure^ in which a common electrode substrate 60 and a 
5 TFT substra^te 70b are bonded to each other, with a liquid 
crystal layer 90a sandwiched therebetween, and a pixel 
electrode 4>0- on the TFT si:ddstrate 70b is formed with a 
large number of fine slits 74. The other components^ are 
the same as those of the liquid cxrystal panel 50 according 

10 to the second embodiment. The slits 74 in the fourth 
embodiment are formed in a direction in which a pixel area 
is divided into at least two or more parts. F16. 9 shows a 
case where the^ pixel area is divided into four. If the 
slits 74 are formed in the pixel electrode 40 as described 

15 above, it becomes possible, when a voltage is applied, to 
control the- orientation of liquid crystal molecules in the 
liquid crystal panel 90 by the slits 74 . This makes it 
possible- to realize a wide angle of visibility. 

In thisv liquid crystal panel 90 as well, col\imnar 

20 layers 41a and 41b can be formed simultaneously on the TFT 
substrate 70b by the processes; of exposing and developing, 
a photosensitive resin. 

To form the liquid crystal panel 90, first, the 
common electrode substrate 60 and the TFT substrate 70b, 

25 each coated with a vertical alignment film, are bonded to 
each other after a peripheral seal for the panel is 
formed. After that, negative liquid crystal having 
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nega-tlve dielectric anlscbropy and 0.2 wt;% of an. 
ul'bravlole't-curing monomer added 'there'to is injecbedv 
between the substrates 60 and 70b. Then, the liquid 
crystal molecules are inclined by applying. thereto- 
5 voltages equal to or higher than the threshold value 
thereof, for example, a gate voltage of 30V DC, a data 
voltage of lOV DC, and a common voltage of 5V DC, and in 
this stater, irradiation of ultraviolet rays is performed 
at a wavelength of 300 nm^ to 450 nm^ in an amount of 2000 

10 mj; from- the sid^ of the common electrode substrate 60. As 
a. result-, a polymer i& formed from the^ ultraviolet-curing 
monomer, and the direction of orientation of the liquid 
crystal molecules in a state where no voltage being 
applied thereto is determined. Finally, polarizing plates 

15 are bondied to the common electrode substrate 60 and the 
TFT substrate 70b, respectively, in crossed-Nicols^ 
arrangement such that the polarization direction and the 
direction, of orientation of the liquid crystal molecules 
formt an angle of 45 degrees, whereby the liquid crystal 

20 panel 90 is formed. In the liquid crystal panel 90 
according to the fourth embodiment, the pretilt angle of 
the liquid crystal molecules i& mad^ equal to 
approximately 86^ degrees . 

As described above, also in the liq[uid crystal panel 

25 90 according, to the fourth embodiment, the pixel electrode 
40 is formed in the contact hole 39 in each pixel area, 
and the recess formed at the location of the contact hole 
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39 is filled: with the col\imnar layer 41a, so that there 
are no air btQi>bles remaining, after injection of licpiid 
crystal or no foams remaining after formation thereof due 
to partial pressurization . Further, the cell gap between 
5 the common electrode substrate 60 and the TFT substrate^ 
70b can be maintained by the columnar layers 4'lb. The 
columnar layers 41b are formed such that the density of 
all the columnar, layers 41b becomes optimum in the entire^ 
liquid: crystal panel 90', without the respective locations 

10 thereof being, limited? to the locations of the recesses at 
the; locations of the contact holes 39, respectively . These 
columnar layers. 41a andv 41b> can be simultaneously formed^ 
by the exposing and developing processes of the 
photosensitive resin, which makes it possible to 

15 ef fectively fbrm^ the liq;iaid crystal panel 90. 

Next,. av description will be given of a fifth 
embodiment of the present invention . 

FX6;. 10 is; a cross -sectional view of essential 
elements* of a liquid crystal panel according to^ the fifth 

20 embodiment. It should be noted that FIG. 10 shows only 
part of the: liquid crystal panel, corresponding to one 
pixel, with component elements identical to those shown in 
FIG. 1 being designated by identical reference numerals, 
and detailed: description thereof is omitted. 

25 The licjuid crystal panel 100 according to the fifth 

embodiment is^ distinguished from the liquid crystal panel 
10 according to the first embodiment in that it has a 
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st:ructure ±n which a CF subs-trate 20a and a TFT subs-trate 
30a are bonded -bo each o-bher, wi1:h a liquid cirys-bal layer 
100a sandwiched 'therebetween, and color- superimposed 
layers 22 on t:he CF substrate 20a are formed In areas 
5 corresponding, to respective* loca-blons of recesses formed 
at the: locations of contact holes 39 such that the^ cell 
gap' between the CF substrate 20a and the TFT substrate- 3-Oa 
Is maintained by columnar layers 41a formed In. the 
recesses*. In the case: of the fifth embodiment. It.* Is not 

10 necessarily required* to form. colximnar layers: for 
maintaining the^ cell gap . 

The. colunuiar layers^ 4'la on t:he TFT subst:ra^e 30a can 
be formed similarly to the colvimnar layers 41a and 41b 
described above In the first erobodlmen-t. For example, to 

15 form t:he^ columnar layers 41a shown In FIG. 10, It: Is: only 
required to perform, the exposing and developing processes 
on a photosensitive resin using a light- shielding mask 
having; openings^ corresponding only to areas. formed 
respectively with the.' contact holes 39', to thereby form- 

20 only the^ columnar layers 41a. However, If color- 

superimposed layers. 22 are formed on the CF substrate 2.0a. 
for all the columnar layers 41a, the: density^ of the 
columnar layers 41a that contribute to maintaining^ of the 
cell gap is made higher than required. Therefore, the 

25 color- super Imposed layers 22: are formed at locations 
opposed to columnar layers 41a which are selected such 
that the density of the columnar layers is suitable for 
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ma±nt:a'lning. -bhe cell gap. 

As described above, also in the liquid crYSt:al panel 
100 according; to the fifth embodiment, the pixel electrode- 
40 is formed in the contact hole- 39 in each pixel area, 
5 and the. recess formed at the* location of the contact hole- 
39 is filled with the colvimnar layer 41a, so that there- 
are no; air bubbles remaining after injection of liquid: 
crystal or no foams remaining after formation thereof' due- 
to partial pressurization. Further, the cell gap between. 
10 the CF substrate 2:0a and the TET substrate 30a can be 
maintained by the. columnar layers 41a. The columnar layers^ 
41a are- formed such that the density of all the colximnar 
layers; 4vla becomes optimum in the entire liquid crystal 
panel 100-. 

15 Niext, a description will be given of a sixth, 

embodiment of the present invention. 

FIG:. 11 is a cross- sectional view of essential 
elements' of a liquid crystal panel according to the sixth 
embodiment. It should be noted that FIG. 11 shows only 

2 0 part of the liquid crystal panel, corresponding to one; 
pixel., with, component elements- identical to those^ shown, in. 
FIG. 5 being d(esignated by identical reference numerals:, 
and detailed description thereof is; omitted. 

The^ liquid crystal panel 110 according to the sixth 

25 embodiment i& distinguished from the liquid crystal panel 
50 according to the second embodiment in that it ha& a 
structure in which a common electrode substrate 60 and. a 
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TFT subs-bra-te 70c are bonded to each o'ther, with a liquid 
crystal layer 110a sandwiched therebetween, and color- 
superimposed layers 22 are formed at respective locations 
close to contact holes 39 on the TFT substrate 70c such 
5 that the cell gap between the common electrode substrate 
60 and the TFT substrate 70c Is maintained by col\amnar 
layers 41a formed In recesses formed at the locations of 
the contact holes 39. In the case of the sixth embodiment. 
It Is not necessarily required to form colvimnar layers for 

10 maintaining the cell gap. 

To form the columnar layers 41a on the TFT substrate 
70c of the liquid crystal panel 110, first, contact holes 
72 are formed In a CF layer 22a, and then CF layers 22b 
and 22c are formed on the rim of each of the contact holes 

15 72 to thereby form the color-superimposed layer 22. In 
this case, however, the color- superimposed layers 22 are 
formed only at locations of ones of the columnar layers 
41a used for maintaining the cell gap, In view of the 
density of the columnar layers 41a formed In the entire 

20 liquid crystal panel 110. After the color- superimposed 
layers 22 are formed, an OC layer 71 Is formed and the 
contact holes 39 are formed, followed by forming pixel 
electrodes 40. As a result, recesses are formed at the 
respective locations of the contact holes 39. Then, In the 

25 same manner as described above In the second embodiment, a 
photosensitive resin Is subjected to exposure and 
development using a light- shielding mask formed with 
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openings corresponding t:o areas where "the contact holes 39 
are formed, whereby the colvimnar layers 41a are formed in 
the recesses formed at the locations of the contact holes 
39. 

5 As described above, also In the liquid crystal panel 

110 according to the sixth embodiment, the pixel electrode 
40 Is formed In the contact hole 39 In each pixel area, 
and the recess formed at the location of the contact hole 
39 Is filled with the columnar layer 41a, so that there 

10 are no air bubbles remaining after Injection of liquid 
crystal or no foams remaining after formation thereof due 
to partial pressurlzatlon . Further, the cell gap between 
the common electrode siibstrate 60 and the TFT substrate 
70c can be maintained by the columnar layers 41a formed In 

15 selected ones the recesses In view of the density of the 
columnar layers . 

It should be noted that In the liquid crystal panels 
10, 100, and 110 according to the first, fifth, and sixth 
embodiments , It Is possible to provide protrusions on the 

2 0 CF substrates 20 and 20a, and the common electrode 
substrate 60, thereby making It possible to control the 
orientation of liquid crystal molecules. Alternatively, It 
Is also possible to provide a plurality of silts In any of 
the pixel electrode 40 on the TFT substrates 30, 30a, and 

25 70c, to enable control of the orientation of liquid 
crystal molecules. Of course, both of the protrusions and 
silts may be formed for control of the orientation of 
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Ixquld cryst:al molecules - 

Further, although in the liquid crystal panels 10, 
50, 80, and 90 according to the first to fourth 
embodiments, the cell gap-maintaining columnar layers 41b 
5 and the hole-filling columnar layers 41a are 
simultaneously formed, this is not limitative, but the 
columnar layers 41b can be provided on the side of the CF 
substrate 20, or on the side of the common electrode 
substrates 60 and 60a. Xn the liquid crystal panels 100 

10 and 110 according to the fifth and sixth embodiments, it 
is possible to form the columnar layers 41a on the side of 
the CF substrate 20a and on the side of the common 
electrode substrate 60 . 

Further, although in the embodiments described 

15 above, the color- superimposed layers are formed to thereby 
provide a gap between the columnar layers exclusively 
provided for filling contact holes, and the CF substrate 
or the common electrode substrate, opposed thereto, this 
is not limitative, but it is possible to configure the 

20 liquid crystal panel such that the above-mentioned gap is 
provided not by forming the color-superimposed layers but 
by subjecting a photosensitive resin to halftone exposure 
to thereby form hole-filling columnar layers and cell gap- 
maintaining columnar layers different in thickness between 

25 the two types of columnar layers. 

In addition to the halftone exposure, it is also 
possible to employ overexposure to form columnar layers 
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differen't in thickness, in the case where a positive 
photosensitive resin is used to form columnar layers. When 
the positive photosensitive resin is subjected to 
overexposure, the thickness of columnar layers formed in 
such small areas for filling the recesses become thinner 
than that of coliixanar layers formed in such large areas 
for maintaining the cell gap, whereby it is possible to 
form hole-filling columnar layers and cell gap-maintaining 
columnar layers such that the two types of columnar layer 
are different in thicknesses between them. 

As described hereinbefore, in the present invention, 
recesses which are produced by forming pixel electrodes in 
contact holes each formed for connecting a thin film 
transistor and a pixel electrode to each other, are filled 
with hole-filling columnar layers , and the cell gap 
between a thin film transistor substrate and a s\ibstrate 
opposed thereto is maintained by cell gap-maintaining 
colximnar layers . This makes it possible to realize a 
highly reliable liquid crystal panel which does not suffer 
from air bubbles remaining in recesses formed in the 
contact holes and capable of efficiently maintaining the 
cell gap . 

Further, since columnar layers for filling contact 
holes and columnar layers maintaining the cell gap are 
simultaneously formed, it is possible to manufacture a 
highly reliable liquid crystal panel which does not suffer 
from air bubbles remaining in recesses formed in the 
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con-tact holes and capable of ef£±c±ent:ly main-taxnlng t:he 
cell gap with high productivity at low costs . 

The foregoing is considered as illustrative only of 
the principles of the present invention . Further , since 
numerous modifications and changes will readily occur to 
those skilled in the art, it is not desired to limit the 
invention to the exact construction and applications shown 
and described, and accordingly, all suitable modifications 
and equivalents may be regarded as falling within the 
scope of the invention in the appended claims and their 
equivalents . 
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